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that RS proteins typically engage in protein-protein in- type cyclins seem essential for endoreplication and
exit from quiescence.teraction suggests that csd may well be interacting with
other proteins; in addition, some form of homodimeriza-
tion is the simplest explanation for the effect of having Cyclin-dependent kinases (CDKs) have been likened to
only a single allele on its functionality. The details of its the “traffic lights” of the cell cycle (Nasmyth, 2001). They
actions remain to be determined. While it is tempting to promote and coordinate DNA replication during S phase
speculate that csd may be regulating dsx, the only and chromosome segregation during mitosis. They also
known phylogenetically well-conserved component of ensure that nuclear DNA is replicated once and only
the sex determination pathway in insects (Marı´n and once in each cell cycle. In mammalian cells, the D type
Baker, 1998), at present this is just speculation. cyclins (D1, D2, D3) associate with CDK4 and CDK6
In addition to these mechanistic questions, the char- kinases, and their primary function is to phosphorylate
acterization of csd opens the door to asking questions the retinoblastoma (Rb) family of transcriptional repres-
about the evolution of haplodiploidy in the Hymenoptera sors during G1. The E type (E1, E2) and A type (A1, A2)
at large, e.g., was there a single origin or multiple origins cyclins associate with CDK2 and regulate initiation of
of complementary sex determination? One problem for DNA replication and progression through S phase. Fi-
the single origin model is that complementary sex deter- nally, the B type cyclins (B1, B2, B3) associate with
mination cannot be the only form of sex determination CDK1 to control entry into and exit from mitosis.
in Hymenoptera. Many species of Hymenopteran parasi- It turns out that mouse cells may survive with a couple
toids are regular inbreeders, yet produce an excess of of “broken lights.” Geng et al. (this issue of Cell) have
female over male offspring (Bull, 1983). It is clear that this generated strains of mice in which cyclins E1 or E2
cannot happen with complementary sex determination, have been deleted. Both E1/ and E2/ mice develop
since homozygosity for sex-determining alleles pro- normally and are viable, except that half the E2/ males
duces males. Genetic studies in the parasitoid wasp are sterile due to incomplete testis development. Cross-
Nasonia vitripennis have confirmed that sex determina- ing of the two transgenic strains did not yield viable
tion works quite differently in this inbreeder, and may double knockout mice. However, E1/E2/ embryos
involve some form of genomic imprinting (Dobson and survived until the 10th day of gestation. Prenatal death
Tanouye, 1998). This raises some awkward questions was caused by the mutant placenta, and some
concerning what is going on in these species, and how E1/E2/ embryos successfully completed gestation
it relates to the “standard” complementary sex-deter- when they developed in a wild-type placenta. In culture,
mining mechanism. Like most good pieces of science, fibroblasts derived from the E1/E2/ embryos were
a lot of interesting questions are raised by the character- able to undergo several rounds of division before be-
ization of csd. coming senescent. These studies led to the rather pro-
vocative conclusion that cyclin E is dispensable for cell
proliferation and development in the mouse.
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and Brown, 2000). There are also cases of cyclin comple-
mentation in mammalian cells: a previous study from P.
Sicinski’s laboratory revealed that cyclin E introduced at
the endogenous cyclin D1 locus rescued the phenotypicCell Proliferation without Cyclin
defects of cyclin D1/ mice (Geng et al., 1999). There-E-CDK2 fore, it is a reasonable assumption that cyclin A can
complement the lack of cyclin E, at least during mitotic
cycles.
In the case of CDK2/ cells, viability is likely due to
surrogate kinases associating with cyclin A and cyclinIn this issue of Cell, Geng et al. report that mice can
undergo embryonic development without cyclins E1 E. It is known that cyclin A can associate with CDK1,
but it is not clear whether cyclin E can associate withand E2. Fibroblasts derived from the double knockout
embryos proliferate normally in culture. However, E a kinase other than CDK2. In fact, an immunoprecipitate
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of cyclin A from CDK2/ cell extracts contained kinase
activity, whereas an immunoprecipitate of cyclin E did
not (Ortega et al., 2003). However, the fact that CDK2/
mice are viable but cyclin E1/E2/ mice die in utero
suggests that cyclin E has an essential role that can be
executed independently of CDK2. Further studies will
be necessary to address the intriguing possibility that
this putative CDK2 independent function of cyclin E
does not require an associated kinase activity.
Detailed analyses of the cyclin E1/E2/ mice re-
vealed that cyclin E is essential in particular cell cycle
situations (Figure 1). First, the defective placenta in the
E1/E2/ mice indicated a role for cyclin E during en-
doreplicative cell cycles (Figure 1B). Like every rule,
the canon “once and only once in each cell cycle” has
exceptions: certain cell types replicate their DNA multi-
ple times without intervening cell divisions, because ge-
nomic amplification is required for their physiological
function. The DNA content of the giant trophoblasts
found in a normal placenta can be as high as 1000C. In
contrast, the majority of trophoblasts of the E1/E2/
placenta were severely underdeveloped. The require-
ment for cyclin E in endoreplication was further con-
firmed by analysis of the platelet precursor megakaryo-
cytes from E1/E2/ mice, which accumulated much
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Perhaps cyclin E is required to overcome the senes-
cence crisis preceding cell transformation, as it is re-
quired to overcome the quiescent state caused by se-
rum starvation.
With these recent reports, many of the key regulators
of the cell cycle have been deleted individually in animal
models. Further crosses between those mutant mice
that are fertile will test the redundancy limits of the CDK
